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(54) NON-HEAT TREATED STEEL WITH HIGH STRENGTH AND LOW DUCTILITY 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a steel having high strength and low ductility, capable of 
division working at ordinary temp., having a resultant division fracture surface showing flat brittle fracture 
surface, and suitably used as a steel for connecting rod. 

SOLUTION: This steel has a composition consisting of, by weight, 0.20-0.70% C, <1.50% Si, 0.30- 
2.00% Mn, <0.15% P, <0.10% S, <0.20% Cu. <0.50% Nu, 0.02-2.00% Cr, <0.50% Mo, <0.50% V, < 
0.17% Nb, <0.20% Ti, <0.0100% B, <0,100% Al, <0.030% N, <0.30% Pb, and the balance Fe with 
inevitable impurities, satisfying at least one kind among Si+2V-0.5>0, Si+2V+5P-0.8>0, N-0.1AI-0.002> 
0, N-0.3Ti<0. and N-0.5AI-0.3Ti-0.15Nb-0.3V-1.3B-0.002>0, and also satisfying C+(Si/10)+(Mn/5)+ 
(5Cr/22)+1.65V-(5S/7)-0.8>0, where the symbol of element in the relationships represents its content by 
weight per cent. 
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CLAIMS 



[Claim(s)] 

[Claim 1] High intensity and low ductility non-heat-treated steel characterized by the following. By weight %, 
C:0.20 - 0.70%, less than [ Si:1.50% ], Mn:0.30-2.00%, P:0.15% or less, S:0.10% or less, less than [ Cu:0.20% ], 
nickel: Less than [ 0.50% ], Cr:0.02-2.00%, less than [ Mo:0.50% ], V;0.50% or less, less than [ Nb:0.17% ], less 
than [ Ti:0.20% ], B:0.0100% or less, less than [ aluminum:0. 100% ], N:0.030% or less, less than [ Pb:0.30% ]. The 
remainder consists of Fe and an unescapable impurity, and fills at least one of fn 1>==0, fn 2>=0, fn 3>=0, fn 4<=0, 
and the fn(s) 5>-0, and is fn 6>=0. However, fnl-Si+2V-0.5, fn2=Si+2V+5P-0.8, fn3=N-0.1aluminum-0.002, 
fn4=N-0.3Ti, The symbol of element in fn5=N-0.5aluminum-0.3Ti-0.15Nb-0.3V-1.3B-0.002, fn6=C+(Si/10)-f 
(Mn/5)+(5Cr/22)+1.65V-(5S/7)-0.8, in addition a formula expresses the content in weight % of the element. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Although, as for this invention, high intensity is required in more 
detail about high intensity and low ductility non-heat-treated steel, rather, it is not needed, but cold division 
processing in ordinary temperature is possible for ductility, the fracture surface presents a flat brittle fracture 
appearance, and it is related with high intensity and low ductility non-heat-treated steel suitable as a material 
connecting rods, such as an automobile engine, and for connecting-rod caps. 
[0002] 

[Description of the Prior Art] joint - After hot forging of the main part 1 and connecting-rod KYAPU (common- 
name connecting rod cap) 2 of a connecting rod (common-name connecting rod) which are shown in drawing 1 
which is parts, such as an automobile engine, was conventionally carried out at another process, temper processing 
of hardening annealing was performed to them, and subsequently, they finished with processing of the bolthole by 
machining, received plastic surgery processing, and were assembled with the bolt 3 after that by the crankshaft with 
a complicated configuration. 

[0003] However, the movement of manufacturing-cost reduction of various autoparts is activating recently 
reflecting the severe economic situation, and this movement is no longer an exception also in engine parts. 
[0004] For this reason, about the aforementioned connecting-rod main part 1 and aforementioned connecting-rod 
KYAPU 2, both are really fabricated with hot forging, and hardening annealing is heat-treated to this as a cure 
against manufacturing-cost reduction, or it cools radiationally after hot forging, and divides into the connecting-rod 
main part 1 and connecting-rod KYAPU 2 after that, and the method of combining with a crankshaft and 
assembling machining for the finishing plastic surgery to a joint (planes of composition) with a bolt 3, without 
giving, is examined. By this method, before processing of a bolthole divides the aforementioned one fabrication 
material, it is performed behind. 

[0005] How to give and divide the force committed in the direction shown by the arrow in drawing 1 by inserting a 
fixture, for example as a method of dividing the really [ above-mentioned ] fabricated connecting-rod main part 1 
and connecting-rod KYAPU 2 can be considered. By this method, it becomes very important to make into a flat the 
parting plane divided into the connecting-rod main part 1 and connecting-rod KYAPU 2. 
[0006] However, when it really fabricates with hot forging, using the steel (S45C, S48C equivalent steel, etc. of 
JIS) used conventionally as it is and divides into the connecting-rod main part 1 and connecting-rod KYAPU 2 in 
ordinary temperature after that, it becomes the so-called "ductility fracture surface" where the parting plane tore 
American and gum, and flat "britde fracture appearance" is not obtained, but there is a problem that finishing 
plastic surgery processing by machining must be performed. Although a brittle fracture will arise and a flat brittle 
fracture appearance will be easily obtained if the above-mentioned division is performed at low temperature (for 
example, liquid nitrogen temperature), it is not technically easy to consider as a low- temperature state in the real 
operation line on which a lot of products flow, and since the costs which build and maintain a facility further 
increase, there is not necessarily a problem that it is not connected in cost reduction. 

[0007] On the other hand, since cost increases, heat treatment after really fabricating with hot forging has also 
produced the request to the steel new type which can omit heat treatment. 

[0008] As non-heat-treated steel which can omit the temper processing as heat treatment performed after hot rolling 
or hot forging, "non-temper high intensity steel" is proposed by JP,5-195140,A, for example. However, the non- 
heat-treated steel indicated by this official report is high intensity non-heat-treated steel of the type which prevented 
the crack produced on a bloom front face at the time of continuous casting. Therefore, when the above-mentioned 
proposal steel is used as the connecting-rod main part 1 and steel for connecting-rod KYAPU 2, to the method of 



dividing into the connecting-rod main part 1 and connecting-rod KYAPU 2 in ordinary temperature, after really 

[ said ] fabricating, although desired intensity is obtained, ductility is too large and a brittle fracture appearance is 

not obtained. Therefore, it is necessary to perform finishing plastic surgery processing by machining. 

[0009] Furthermore, recently, even when working an engine on severe conditions like sudden start, the request to 

non-heat-treated steel excellent in buckling strength is also large so that buckling may not be produced in a 

connecting rod. 

[0010] 

[Problem(s) to be Solved by the Invention] this invention was made in view of the above-mentioned present 
condition, and tensile strength offers a technical problem the high intensity and low ductility non -heat-treated steel 
with which it is steel and more than equivalent conventionally, and the fracture surface when dividing in ordinary 
temperature by method which really which carried out hot forging described forming material above presents a flat 
brittle fracture appearance. If it is in this invention, in addition to the aforementioned property, offer of non-heat- 
treated steel which has still higher buckling strength is also made a technical problem. 
[0011] 

[Means for Solving the Problem] this invention person acquired the following knowledge, as a result of repeating 
examination variously, in order to solve the above-mentioned technical problem. 

[0012] ** the destructive gestalt in the ordinary temperature of the non -heat-treated steel which has a chemical 
composition in the specific condition range - the following - it has fnl, fn2, fn3, fn4 and fn5, and correlation And 
a brittle fracture is promoted when filling at least one of "fn 1>=0", "fn 2>=0", "fn 3>=0", "fn 4<=0", and "the fn(s) 
5>=0." However, in addition, fnl=Si+2V-0.5, fn2=Si+2V+5P-0.8, fn3=N-0.1aluminum-0.002, fn4-N-0.3Ti, 
fn5=N-0.5aluminum-0.3Ti-0.15Nb-0.3V-1.3B-0.002, and the symbol of element in the formula of fnl to fn5 
express the content in weight % of the element. 

[0013] ** When the elongation value of the steel materials when filling and carrying out the ordinary temperature 
tension test of at least one of above fn 1>=0, fn 2>=0, fn 3>=0, fn 4<-0, and the fn(s) 5>=0 is 10% or less, the 
ordinary temperature parting plane of forming material really turns into a flat brittle fracture appearance which 
carried out hot forging. 

[0014] ** Above ** (at least one of fn 1>=0, fn 2>=0, fn 3>=0, fn 4<=0, and the fn(s) 5>=0 is filled) and the 
elongation value of the steel materials when carrying out an ordinary temperature tension test - 10% or less ~ in 
addition, the part which wants to really which carried out hot forging divide forming material, if notching of 0.5 or 
less mmRs is prepared in part at least Ordinary temperature division of forming material is really easily attained to 
the brittle fracture appearance [ flat much more certainly ] concerned by the parting plane only by applying few 
force. 

[0015] ** the time of the chemical composition of steel being in the specific condition range - the tensile strength 
of non-heat-treated steel ~ the following - it can arrange by fn6, and when this value is zero or more, the tensile 
strength of 800 or more MPas is obtained 

[0016] The symbol of element in fn6=C+(Si/10)+(Mn/5)+(5Cr/22)+1.65V-(5S/7)-0.8, in addition fn6 also 
expresses the content in weight % of the element. 

[0017] ** After controlling the chemical composition of steel strictly, if the conditions of elongation value <=10% 
of the steel materials when carrying out an ordinary temperature tension test to at least one of fn 1>=0 of the above- 
mentioned **, fn 2>=0, fn 3>=0, fn 4<=0, and the fn(s) 5>=0 and **fn 6>=0 can be satisfied, it will become a flat 
brittle fracture appearance by division in ordinary temperature, and high intensity will be obtained. Therefore, the 
connecting-rod main part 1 and connecting-rod KYAPU 2 which have the tensile strength of 800 or more MPas 
which is request intensity according to said new process can be manufactured, in this case, the inside (the N section 
in drawing 1 ) of the large end hole which is the part which wants to divide the one fabrication material of ** ~ if 
notching of 0.5 or less mmRs is prepared in part at least, the above-mentioned connecting-rod main part 1 and 
above-mentioned connecting-rod KYAPU 2 can be manufactured much more ease and certainly 
[0018] ** In order to raise buckling strength, it is effective to raise the yield strength of steel. 
[0019] ** If the steel which has a specific chemical composition fills fn 2>=0 indicated to the above-mentioned **, 
the brittle fracture of steel is not only promoted, but a yield ratio (yield strength/tensile strength) will increase, and 
0.7 or more yield ratios will be obtained for non-heat-treated steel. 

[0020] ** Therefore, after controlling the chemical composition of steel strictly, if the elongation value of the steel 
materials when carrying out an ordinary temperature tension test to fn 2>=0 can satisfy the conditions of 10% or 
less and fn 6>=0, while a high yield ratio will be obtained, it becomes a fiat brittle fracture appearance by division 
in ordinary temperature, and high intensity is obtained. In this case, since tensile strength is 800 or more MPas, the 
high yield strength of 560 or more MPas will be obtained, and the connecting-rod main part 1 and connecting-rod 



KYAPU 2 which were excellent also in buckling strength with said new process can be manufactured. 

[0021] this invention based on the above-mentioned knowledge makes a summary the following high intensity and 

low ductility non-heat-treated steel. 

[0022] "By weight %, C:0.20 - 0.70%, less than [ Si: 1.50% ], Mn:0.30-2.00%, P:0.15% or less, S:0.10% or less, 
less than [ Cu:0.20% ], nickel: Less than [ 0.50% ], Cr:0.02-2.00%, less than [ Mo:0.50% ], V:0.50% or less, less 
than [ Nb:0.17% ], less than [ Ti:0.20% ], B:0.0100% or less, less than [ aluminum :0. 100% ], N:0.030% or less, the 
high intensity and low ductility non -heat-treated steel which contains less than [ Pb:0.30% ], the remainder consists 
of Fe and an unescapable impurity, and fills at least one of said fn 1>=0, fn 2>=0, fn 3>=0, fn 4<=0, and the fn(s) 
5>=0, and is further characterized by being fn 6>=0 " 
[0023] 

[Embodiments of the Invention] The reason which limits the chemical composition of the steel in this invention to 
below as mentioned above is explained. In addition, "%" means "weight %." 

[0024] C: Although C is an element required to give desired static intensity to steel, it is also the element in which 
opposite side hot-working nature is reduced. In order to obtain minimum static intensity (they are 800 or more 
MPas at tensile strength), 0.20% or more is required. On the other hand, if it is made to contain exceeding 0.70%, 
the hot-working nature of steel may fall and a crack may be produced depending on a component system at the time 
of processing between heat. Therefore, the content of C was made into 0.20 - 0.70%. In addition, in order to secure 
the intensity (tensile strength and buckling strength) stabilized more, as for the content of C, considering as 0.25% 
or more is desirable. If C content is 0.30% or more, it is much more desirable. 

[0025] It is not necessary to add Si:Si. If it adds, while promoting the deoxidation of steel, it also has the operation 
which raises hardenability. In order to acquire these effects certainly, as for Si, it is desirable to consider as 0.05% 
or more of content. However, if the content exceeds 1.50%, hot-working nature will fall extremely and will become 
easy to produce a crack at the time of processing between heat. Therefore, the content of Si was made into 1 .50% or 
less. In addition, in order to secure much more stable hot-working nature, as for the upper limit of Si content, 
considering as 1.00% is desirable. 

[0026] Mn:Mn has the operation which hardenability is raised [ operation ] and raises static intensity while it is 
required for deoxidation. However, since hot-working nature came to have deteriorated when the effect of a request 
of the content at less than 0.30% was not acquired but it exceeded 2.00%, the content was made into 0.30 - 2.00%o. 
[0027] P: It is not necessary to add P. Since there is an operation which a grain-boundary embrittlement is caused to 
and reduces ductility if it adds, it is effective in obtaining a flat brittle fracture appearance by the division method in 
ordinary temperature which was described above. In order to acquire this effect certainly, as for P, it is desirable to 
consider as 0.005% or more of content. However, if the content exceeds 0.15%), hot-working nature will deteriorate 
remarkably. Therefore, the content of P could be 0.1 5%> or less. In addition, as for the content of P, considering as 
0.10% or less is more desirable because of the stable hot-working nature reservation. 

[0028] S: It is not necessary to also add S. Since there is an operation which a grain-boundary embrittlement is 
caused to and reduces ductility if it adds, it is effective in obtaining a flat brittle fracture appearance by the division 
method in ordinary temperature which was described above like P. Moreover, S has the operation which raises the 
cutting ability at the time of bolthole processing. In order to acquire these effects certainly, as for S, it is desirable to 
consider as 0.005% or more of content. However, if the content exceeds 0.10%, hot-working nature will deteriorate 
remarkably. Therefore, the upper limit of S content was made into 0.10%. 

[0029] It is not necessary to add Cu:Cu. If it adds, it has the effect which raises hardenability and raises static 
intensity. In order to acquire this effect certainly, as for Cu, it is desirable to consider as 0.01% or more of content. 
However, if the content exceeds 0.20%, degradation of hot-working nature will be brought about and generating of 
a crack will be caused at the time of hot rolling and hot forging. Therefore, the content of Cu could be 0.20% or 
less. 

[0030] It is not necessary to add nickel :nickel. If it adds, it has the effect which raises hardenability and raises static 
intensity. In order to acquire this effect certainly, as for nickel, it is desirable to consider as 0.01% or more of 
content. However, if the content exceeds 0.50%, the increase in ductility and toughness will be caused and a flat 
brittle fracture appearance will no longer be obtained. Therefore, the content of nickel was made into 0.50% or less. 

[0031] Cr:Cr has the effect which hardenability is raised and raises static intensity. However, since the effect would 
be saturated, only cost would go up and economical efficiency would be spoiled even if the effect of a request of 
the content at less than 0.02%> was not acquired but being contained exceeding 2.00%i, the content was made into 
0.02 - 2.00%>. In addition, as for Cr content, considering as 0.10% or more is desirable. 

[0032] It is not necessary to add Mo:Mo. If it adds, it has the effect which raises hardenability and raises intensity. 



In order to acquire this effect certainly, as for Mo, it is desirable to consider as 0.01% or more of content. However, 
even if it makes it contain exceeding 0.50%, since it is saturated, only cost will go up and the aforementioned effect 
will spoil economical efficiency. Therefore, the content of Mo was made into 0.50% or less. In addition, as for Mo 
content, considering as 0.05% or more is much more desirable. 

[0033] It is not necessary to also add V:V. If it adds, it has the effect which raises intensity. In order to acquire this 
effect certainly, as for V, it is desirable to consider as 0.005% or more of content. However, even if it makes it 
contain exceeding 0.50%, it is saturated, only cost goes up and the aforementioned effect spoils economical 
efficiency. Furthermore, degradation of hot-working nature is caused. Therefore, the content of V was made into 
0.50% or less. 

[0034] It is not necessary to add Nb:Nb. If it adds, it has the effect which raises intensity. In order to acquire this 
effect certainly, as for Nb, it is desirable to consider as 0.003% or more of content. However, even if it makes it 
contain exceeding 0.17%, it will be saturated, only cost will go up and the aforementioned effect will spoil 
economical efficiency. Furthermore, it comes to cause degradation of hot-working nature. Therefore, the content of 
Nb was made into 0.17% or less. In addition, in order to secure much more stable hot-working nature, it is desirable 
to make the upper limit of Nb content into 0.10%. 

[0035] It is not necessary to also add Ti:Ti. If it adds, it has the effect which raises intensity. Moreover, the 
destructive gestalt in the ordinary temperature of non-heat-treated steel is affected, and it has the effect which 
promotes a brittle fracture through the above fn4 and fn5. In order to acquire these effects certainly, as for Ti, it is 
desirable to consider as 0.005% or more of content. However, if it is made to contain exceeding 0.20%, it will come 
to cause degradation of hot-working nature. Therefore, the content of Ti was made into 0.20% or less. 
[0036] B: It is not necessary to add B. If it adds, there is an effect which hardenability is raised and raises intensity. 
In order to acquire this effect certainly, as for B, it is desirable to consider as 0.0003% or more of content. 
However, if the content exceeds 0.0100%, about [ that the improvement effect in hardenability is saturated ] and 
hot-working nature will come to deteriorate remarkably. Therefore, the content of B was made into 0.0100% or 
less. 

[0037] It is not necessary to add aluminum :aluminum. If it adds, while attaining stabilization and homogenization 
of the deoxidation of steel, a nitride is generated, crystal grain is turned minutely and it has the operation which 
raises intensity. Moreover, the destructive gestalt in the ordinary temperature of non-heat-treated steel is affected, 
and it has the effect which promotes a brittle fracture through the above fn3 and fn5. In order to acquire these 
effects certainly, as for aluminum, it is desirable to consider as 0.005% or more of content. However, if it is made to 
contain exceeding 0. 100%., it will come to cause degradation of hot- working nature. Therefore, the content of 
aluminum was made into 0. 100% or less. 

[0038] N: It is not necessary to make N contain. If it is made to contain, a nitride and a charcoal nitride are 
generated, crystal grain is turned minutely, and it has the operation which raises intensity. Moreover, the destructive 
gestalt in the ordinary temperature of non-heat-treated steel is affected by the relation between Ti or aluminum, and 
when filling at least one of the above fn 3>=0, fn 4<=0, and the fn(s) 5>=0, it has the effect which promotes a 
brittle fracture. In order to acquire these effects certainly, as for N, it is desirable to consider as 0.0030% or more of 
content. However, since a dissolution raw material special to making N contain exceeding 0.030% in the ingot of 
steel generally, a facility, and technology are needed, cost may increase, economical efficiency may be spoiled and 
degradation of hot-working nature may be caused. Therefore, the content of N was made into 0.030% or less. 
[0039] It is not necessary to make Pb:Pb contain. If it is made to contain, it has the effect which raises the cutting 
ability at the time of bolthole processing. In order to acquire this effect certainly, as for Pb, it is desirable to 
consider as 0.01% or more of content. However, if Pb is made to contain exceeding 0.30%, hot-working nature will 
deteriorate and generating of a crack will be caused at the time of hot rolling and hot forging. Therefore, the content 
of Pb was made into 0.30% or less. 

[0040] The above fnl, fn2, fn3, fn4, and fn5 can arrange the destructive gestalt in the ordinary temperature of the 
non-heat-treated steel containing C of fnl, fn2, fn3, fn4, and 5:0.20% or more of fn(s), 0.30% or more of Mn, and 
0.02% or more of Cr. A brittle fracture is promoted when filling at least one of fn 1>=0, fn 2>=0, fn 3>=0, fn 4<=0, 
and the fn(s) 5>=0. And at least one of fn 1>=0, fn 2>-0, fn 3>=0, fn 4<=0, and the fn(s) 5>-0 is filled. When the 
elongation value of the steel materials when carrying out an ordinary temperature tension test is 10% or less, 
according to and a new process which the ordinary temperature division fracture surface of forming material turns 
into a flat brittle fracture appearance which carried out hot forging, and was really described above The connecting- 
rod main part and connecting-rod KYAPU which have the tensile strength of 800 or more MPas which is request 
intensity can be manufactured. Therefore, it is specified that it fills at least one of fn 1>=0, fn 2>=0, fn 3>=0, fn 
4<=0, and the fn(s) 5>=0. 



[0041] In addition, in fn 2>=0, 0.7 or more yield ratios are stabilized and they a brittle fracture is not only 
promoted, but are obtained. Therefore, when fn 2>=0 and the elongation value of the steel materials when carrying 
out an ordinary temperature tension test are 10% or less, the connecting-rod main part and connecting-rod KYAPU 
which have the tensile strength of 800 or more MPas also with high yield strength which were excellent also in 
buckling strength when putting in another way can be manufactured. 

[0042] Especially the upper limit of the value of fnl may be 2.0 of the upper limit which is not restricted and is 
calculated from fnl. 

[0043] You may be 2.45 of the upper limit which especially the upper limit of the value of fn2 is not restricted, 
either, and is calculated from fn2. 

[0044] Especially the upper limit of the value of fn3 may be 0.028 of the upper limit which is not restricted and is 
calculated from fn3. 

[0045] You may be -0.06 of the lower limit which especially the minimum of the value of fn4 is not restricted, 
either and calculated from fn4. 

[0046] You may be 0.028 of the upper Hmit which especially the upper limit of the value of fn5 is not restricted, 
either, and is calculated from fn5. In addition, it is set to fn3=fn5 in this case. 

[0047] In addition, fn5 can be expressed as fn5=fnl- (0.4aluminum+0.3Ti+0.15Nb+0.3V+l .3B) using fn3. 
Therefore, in fn 5>=0, fn 3>=0 is also surely filled. 

[0048] Moreover, fn5=fn4- (0.5aluminum+0.15Nb+0.3V+1.3B+0.002) and that come out and a certain shell, and fn 
4<=0 and fn 5>=0 are materialized simultaneously do not have the relation of the above fn4 and fn5. From this, 
promotion of the brittle fracture in fn 4<=0 is considered to be a thing based on the so-called "free dissolution N" 
based on formation of the carbide of Ti, or a charcoal nitride for promotion of the brittle fracture in fn 5>=0 or fn 
3>=0. 

[0049] fn6: It begins, when the chemical composition of steel is controlled strictly and the value of the above fn6 is 
made or more into zero, and a connecting-rod main part and the tensile strength of 800 or more MPas required as 
connecting-rod KYAPU can be given to non-heat-treated steel. Therefore, it is referred to as fn 6>=0. You may be 
the maximum (value near 2.23) which especially a limit does not have in the upper limit of this value, and is 
calculated from fn6. 

[0050] Bolthole processing is given to it after being ingoted by the usual method (for example, after the steel which 
has the above-mentioned chemical composition is really with which the connecting-rod main part 1 and connecting- 
rod KYAPU 2 were connected fabricated by the object with rolling and forging between the heat by the usual 
method). Then, it is divided in ordinary temperature by method which was described above to the connecting-rod 
main part 1 and connecting-rod KYAPU 2. In addition, there is also a thing inside the large end hole which is the 
part which is really [ concerned ] going to divide an object if needed (the N section in drawing 1 ) established for 
notching of 0.5 or less mmRs in part at least. Subsequently, with a bolt 3, it is combined with a crankshaft and the 
divided connecting-rod main part 1 and connecting-rod KYAPU 2 are assembled. 
[0051] 

[Example] The vacuum ingot of the steel which has the chemical composition shown in Tables 1 -3 was carried out 
using test kiln by the usual method. The steel 1-34 in Tables 1 and 2 is this invention steel, and the steel 35-48 in 
Table 3 is the comparison steel from which either of the component separated from the range of the content 
specified by this invention. 

[0052] Subsequently, after making such this invention steel and comparison steel with a slab by the usual method 
and heating at 1250 degrees C, hot forging was carried out to the round bar with a diameter of 30mm at the 
temperature of 1200-950 degrees C, and air cooling was carried out to ordinary temperature after that. 
[0053] In this way, the JIS No. 4 test piece was cut down from the round bar with obtained hot forging, and the 
tension test was performed in ordinary temperature. Furthermore, the state of the fracture surface after an ordinary 
temperature tension test was observed with the scanning electron microscope (SEM). 

[0054] In addition, the front face of the round bar which carried out hot forging to 30mm was observed visually, 
and checked the existence of a forging crack. 

[0055] An ordinary temperature tension test result, a fracture surface observation result, and a forging-crack check 
result are shown in Tables 4 and 5. 

[0056] Without each producing a forging crack, if it was in the steel 1-34 which is this invention steel, the desired 
tensile strength of 800 or more MPas and 10% or less of elongation were acquired, and all the fracture surface after 
an ordinary temperature tension test was flat brittle fracture appearances. What fills fn 2>=0 also among this 
invention steel has 0.7 or more yield ratios, and is understood that yield strength is high (above refer to Table 4). 
[0057] On the other hand, in the amount of C, and the steel 35 and 48 from which fn6 separated from default value 



to the low eye, respectively, tensile strength has not reached 800MPa(s) among the comparison steel from which 

either of the components separated from the range of the content specified by this invention. 

[0058] Moreover, the forging crack between heat was accepted in the steel 36-39 and steel 41-46 from which the 

amount of Si, the amount of Mn, the amount of P, the amount of S, the amount of V, the amount of Nb(s), the 

amount of Ti, the amount of B, the amount of aluminum, and the amount of Pb(s) separated high to default value, 

respectively. 

[0059] In the steel 40 from which the amount of nickel separated more highly to the default value of this invention, 
ordinary temperature elongation exceeded 10%, and the fracture surface after an ordinary temperature tension test 
was a ductile fracture. 

[0060] In order that it might separate from the conditions which the value of the above fnl-fn5 specified by this 
invention in steel 47 and ordinary temperature elongation might exceed 10%, the fracture surface after an ordinary 
temperature tension test was a ductile fracture (above refer to Table 5). 

[0061] Subsequently, it really with which the connecting-rod main part 1 and connecting-rod KYAPU 2 were 
connected by the usual hot-forging method by being made from the steel 5, 16, 31, and 34 which is this invention 
steel indicated to the aforementioned table 1 carried out hot forming of the object 20 bodies at a time respectively. 
In addition, notching of 0.3mmR(s) was attached to the N section of drawing 1 after hot forming every five of 20 
bodies. Subsequently, the division test to the connecting-rod main part 1 and connecting-rod KYAPU 2 was 
performed in ordinary temperature by said method. Consequently, it turns out that a flat brittle fracture appearance 
is obtained by all 20 bodies, and each steel can be used without the finishing plastic surgery by machining for them. 
In addition, especially division of each five steel which attached notching was easy. 
[0062] 
[Table 1] 
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[Table 2] 
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[Table 3] 
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[Table 4] 
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[0067] 

[Effect of the Invention] If the high intensity and low ductility non-heat-treated steel by this invention are used, it is 
possible to manufacture a connecting-rod main part and connecting-rod KYAPU in the low new process of cost, 
and the effect on industry is large. 



[Translation done.] 
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TECHNICAL FIELD 



[The technical field to which invention belongs] Although, as for this invention, high intensity is required in more 
detail about high intensity and low ductility non-heat-treated steel, rather, it is not needed, but cold division 
processing in ordinary temperature is possible for ductility, the fracture surface presents a flat brittle fracture 
appearance, and it is related with high intensity and low ductility non-heat-treated steel suitable as a material 
connecting rods, such as an automobile engine, and for connecting-rod caps. 
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PRIOR ART 



[Description of the Prior Art] joint - After hot forging of the main part 1 and connecting-rod KYAPU (common- 
name connecting rod cap) 2 of a connecting rod (common-name connecting rod) which are shown in drawing 1 
which is parts, such as an automobile engine, was conventionally carried out at another process, temper processing 
of hardening annealing was performed to them, and subsequently, they finished with processing of the bolthole by 
machining, received plastic surgery processing, and were assembled with the bolt 3 after that by the crankshaft with 
a complicated configuration. 

[0003] However, the movement of manufacturing-cost reduction of various autoparts is activating recently 
reflecting the severe economic situation, and this movement is no longer an exception also in engine parts. 
[0004] For this reason, about the aforementioned connecting-rod main part 1 and aforementioned connecting-rod 
KYAPU 2, both are really fabricated with hot forging, and hardening annealing is heat-treated to this as a cure 
against manufacturing-cost reduction, or it cools radiationally after hot forging, and divides into the connecting-rod 
main part 1 and connecting-rod KYAPU 2 after that, and the method of combining with a crankshaft and 
assembling machining for the finishing plastic surgery to a joint (planes of composition) with a bolt 3, without 
giving, is examined. By this method, before processing of a bolthole divides the aforementioned one fabrication 
material, it is performed behind. 

[0005] How to give and divide the force committed in the direction shown by the arrow in drawing 1 by inserting a 
fixture, for example as a method of dividing the really [ above-mentioned ] fabricated connecting-rod main part 1 
and connecting-rod KYAPU 2 can be considered. By this method, it becomes very important to make into a flat the 
parting plane divided into the connecting-rod main part 1 and connecting-rod KYAPU 2. 
[0006] However, when it really fabricates with hot forging, using the steel (S45C, S48C equivalent steel, etc. of 
JIS) used conventionally as it is and divides into the connecting-rod main part 1 and connecting-rod KYAPU 2 in 
ordinary temperature after that, it becomes the so-called "ductility fracture surface" where the parting plane tore 
American and gum, and flat "brittle fracture appearance" is not obtained, but there is a problem that finishing 
plastic surgery processing by machining must be performed. Although a brittle fracture will arise and a flat brittle 
fracture appearance will be easily obtained if the above-mentioned division is performed at low temperature (for 
example, liquid nitrogen temperature), it is not technically easy to consider as a low-temperature state in the real 
operation line on which a lot of products flow, and since the costs which build and maintain a facility further 
increase, there is not necessarily a problem that it is not connected in cost reduction. 

[0007] On the other hand, since cost increases, heat treatment after really fabricating with hot forging has also 
produced the request to the steel new type which can omit heat treatment. 

[0008] As non -heat-treated steel which can omit the temper processing as heat treatment performed after hot rolling 
or hot forging, "non-temper high intensity steel" is proposed by JP, 5- 195 140, A, for example. However, the non- 
heat-treated steel indicated by tiiis official report is high intensity non-heat-treated steel of the type which prevented 
the crack produced on a bloom front face at the time of continuous casting. Therefore, when the above-mentioned 
proposal steel is used as the connecting-rod main part 1 and steel for connecting-rod KYAPU 2, to the method of 
dividing into the connecting-rod main part 1 and connecting-rod KYAPU 2 in ordinary temperature, after really 
[ said ] fabricating, although desired intensity is obtained, ductility is too large and a brittle fracture appearance is 
not obtained. Therefore, it is necessary to perform finishing plastic surgery processing by machining. 
[0009] Furthermore, recently, even when working an engine on severe conditions like sudden start, the request to 
non-heat-treated steel excellent in buckling strength is also large so that buckling may not be produced in a 
connecting rod. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] If the high intensity and low ductility non-heat-treated steel by this invention are used, it is 
possible to manufacture a connecting-rod main part and connecting-rod KYAPU in the low new process of cost, 
and the effect on industry is large. 



[Translation done.] 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] this invention was made in view of the above-mentioned present 
condition, and tensile strength offers a technical problem the high intensity and low ductility non -heat-treated steel 
with which it is steel and more than equivalent conventionally, and the fracture surface when dividing in ordinary 
temperature by method which really which carried out hot forging described forming material above presents a flat 
brittle fracture appearance. If it is in this invention, in addition to the aforementioned property, offer of non-heat- 
treated steel which has still higher buckling strength is also made a technical problem. 
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MEANS 

[Means for Solving the Problem] this invention person acquired the following knowledge, as a result of repeating 
examination variously, in order to solve the above-mentioned technical problem. 

[0012] ** the destructive gestalt in the ordinary temperature of the non -heat-treated steel which has a chemical 
composition in the specific condition range - the following ~ it has fnl, fn2, fn3, fn4 and fn5, and correlation And 
a brittle fracture is promoted when filling at least one of "fn 1>=0", "fn 2>=0", 'Tn 3>=0", 'Tn 4<=0", and "the fn(s) 
5>=0." However, in addition, fnl=Si+2V-0.5, fn2=Si+2V+5P-0.8, fn3=N-0.1 aluminum -0.002, fn4=N-0.3Ti, 
fn5-N-0.5aluminum-0.3Ti-0.15Nb-0.3V-l.3B-0.002, and the symbol of element in the formula of fnl to fn5 
express the content in weight % of the element. 

[0013] ** When the elongation value of the steel materials when filling and carrying out the ordinary temperature 
tension test of at least one of above fn 1>=0, fn 2>=0, fn 3>=0, fn 4<=0, and the fn(s) 5>=0 is 10% or less, the 
ordinary temperature parting plane of forming material really turns into a flat brittle fracture appearance which 
carried out hot forging. 

[0014] ** Above ** (at least one of fn 1>=0, fn 2>-0, fn 3>-0, fn 4<-0, and the fn(s) 5>=0 is filled) and the 
elongation value of the steel materials when carrying out an ordinary temperature tension test - 10% or less - in 
addition, the part which wants to really which carried out hot forging divide forming material, if notching of 0.5 or 
less mmRs is prepared in part at least Ordinary temperature division of forming material is really easily attained to 
the brittle fracture appearance [ flat much more certainly ] concerned by the parting plane only by applying few 
force. 

[0015] ** the time of the chemical composition of steel being in the specific condition range - the tensile strength 
of non-heat-treated steel ~ the following ~ it can arrange by fn6, and when this value is zero or more, the tensile 
strength of 800 or more MPas is obtained 

[0016] The symbol of element in fn6=C+(Si/10)+(Mn/5)+(5Cr/22)+1.65V-(5S/7)-0.8, in addition fn6 also 
expresses the content in weight % of the element. 

[0017] ** After controlling the chemical composition of steel strictly, if the conditions of elongation value <=10% 
of the steel materials when carrying out an ordinary temperature tension test to at least one of fn 1>=0 of the above- 
mentioned **, fn 2>=0, fn 3>=0, fn 4<=0, and the fn(s) 5>=0 and **fn 6>=0 can be satisfied, it will become a flat 
brittle fracture appearance by division in ordinary temperature, and high intensity will be obtained. Therefore, the 
connecting-rod main part 1 and connecting-rod KYAPU 2 which have the tensile strength of 800 or more MPas 
which is request intensity according to said new process can be manufactured, in this case, the inside (the N section 
in drawing 1 ) of the large end hole which is the part which wants to divide the one fabrication material of** - if 
notching of 0.5 or less mmRs is prepared in part at least, the above-mentioned connecting-rod main part I and 
above-mentioned connecting-rod KYAPU 2 can be manufactured much more ease and certainly 
[0018] ** In order to raise buckling strength, it is effective to raise the yield strength of steel. 
[0019] ** If the steel which has a specific chemical composition fills fn 2>=0 indicated to the above-mentioned **, 
the brittle fracture of steel is not only promoted, but a yield ratio (yield strength/tensile strength) will increase, and 
0.7 or more yield ratios will be obtained for non-heat-treated steel. 

[0020] ** Therefore, after controlling the chemical composition of steel strictly, if the elongation value of the steel 
materials when carrying out an ordinary temperature tension test to fn 2>=0 can satisfy the conditions of 10% or 
less and fn 6>=0, while a high yield ratio will be obtained, it becomes a flat brittle fracture appearance by division 
in ordinary temperature, and high intensity is obtained. In this case, since tensile strength is 800 or more MPas, the 
high yield strength of 560 or more MPas will be obtained, and the connecting-rod main part 1 and connecting-rod 
KYAPU 2 which were excellent also in buckling strength with said new process can be manufactured. 
[0021] this invention based on the above-mentioned knowledge makes a summary the following high intensity and 



low ductility non-heat-treated steel. 

[0022] "By weight %, C:0.20 - 0.70%, less than [ Si:1.50% ], Mn:0.30-2.00%, P:0.15% or less, S:0. 10% or less, 
less than [ Cu:0.20% ], nickel: Less than [ 0.50% ], Cr:0.02-2.00%, less than [ Mo:0.50% ], V:0.50% or less, less 
than [Nb:0.17% ], less than [ Ti:0.20% ], B:0.0100% or less, less than [ aluminum: 0.100% ], N:0.030% or less, the 
high intensity and low ductility non -heat-treated steel which contains less than [ Pb:0.30% ], the remainder consists 
of Fe and an unescapable impurity, and fills at least one of said fn 1>=0, fn 2>=0, fn 3>=0, fn 4<=0, and the fn(s) 
5>=0, and is further characterized by being fn 6>=0 " 
[0023] 

[Embodiments of the Invention] The reason which limits the chemical composition of the steel in this invention to 
below as mentioned above is explained. In addition, "%" means "weight %." 

[0024] C: Although C is an element required to give desired static intensity to steel, it is also the element in which 
opposite side hot-working nature is reduced. In order to obtain minimum static intensity (they are 800 or more 
MPas at tensile strength), 0.20% or more is required. On the other hand, if it is made to contain exceeding 0.70%, 
the hot-working nature of steel may fall and a crack may be produced depending on a component system at the time 
of processing between heat. Therefore, the content of C was made into 0.20 - 0.70%. In addition, in order to secure 
the intensity (tensile strength and buckling strength) stabilized more, as for the content of C, considering as 0.25% 
or more is desirable. If C content is 0.30% or more, it is much more desirable. 

[0025] It is not necessary to add Si;Si. If it adds, while promoting the deoxidation of steel, it also has the operation 
which raises hardenability. In order to acquire these effects certainly, as for Si, it is desirable to consider as 0.05% 
or more of content. However, if the content exceeds 1.50%, hot-working nature will fall extremely and will become 
easy to produce a crack at the time of processing between heat. Therefore, the content of Si was made into 1 .50% or 
less. In addition, in order to secure much more stable hot-working nature, as for the upper limit of Si content, 
considering as 1.00% is desirable. 

[0026] Mn:Mn has the operation which hardenability is raised [ operation ] and raises static intensity while it is 
required for deoxidation. However, since hot-working nature came to have deteriorated when the effect of a request 
of the content at less than 0.30% was not acquired but it exceeded 2.00%, the content was made into 0.30 - 2.00%. 
[0027] P: It is not necessary to add P. Since there is an operation which a grain-boundary embrittlement is caused to 
and reduces ductility if it adds, it is effective in obtaining a flat brittle fracture appearance by the division method in 
ordinary temperature which was described above. In order to acquire this effect certainly, as for P, it is desirable to 
consider as 0.005%) or more of content. However, if the content exceeds 0.15%, hot-working nature will deteriorate 
remarkably. Therefore, the content of P could be 0.15% or less. In addition, as for the content of P, considering as 
0.10% or less is more desirable because of the stable hot-working nature reservation. 

[0028] S: It is not necessary to also add S. Since there is an operation which a grain-boundary embrittlement is 
caused to and reduces ductility if it adds, it is effective in obtaining a flat brittle fracture appearance by the division 
method in ordinary temperature which was described above like P. Moreover, S has the operation which raises the 
cutting ability at the time of bolthole processing. In order to acquire these effects certainly, as for S, it is desirable to 
consider as 0.005% or more of content. However, if the content exceeds 0.10%), hot-working nature will deteriorate 
remarkably. Therefore, the upper limit of S content was made into 0.10%. 

[0029] It is not necessary to add Cu:Cu. If it adds, it has the effect which raises hardenability and raises static 
intensity. In order to acquire this effect certainly, as for Cu, it is desirable to consider as 0.0 1%> or more of content. 
However, if the content exceeds 0.20%, degradation of hot-working nature will be brought about and generating of 
a crack will be caused at the time of hot rolling and hot forging. Therefore, the content of Cu could be 0.20%) or 
less. 

[0030] It is not necessary to add nickel: nickel. If it adds, it has the effect which raises hardenability and raises static 
intensity. In order to acquire this effect certainly, as for nickel, it is desirable to consider as 0.01%> or more of 
content. However, if the content exceeds 0.50%>, the increase in ductility and toughness will be caused and a flat 
brittle fracture appearance will no longer be obtained. Therefore, the content of nickel was made into 0.50% or less. 

[0031] Cr:Cr has the effect which hardenability is raised and raises static intensity. However, since the effect would 
be saturated, only cost would go up and economical efficiency would be spoiled even if the effect of a request of 
the content at less than 0.02%» was not acquired but being contained exceeding 2.00%, the content was made into 
0.02 - 2.00%). In addition, as for Cr content, considering as 0.10%) or more is desirable. 

[0032] It is not necessary to add Mo:Mo. If it adds, it has the effect which raises hardenability and raises intensity. 
In order to acquire this effect certainly, as for Mo, it is desirable to consider as 0.01% or more of content. However, 
even if it makes it contain exceeding 0.50%o, since it is saturated, only cost will go up and the aforementioned effect 



will spoil economical efficiency. Therefore, the content of Mo was made into 0.50% or less. In addition, as for Mo 
content, considering as 0.05% or more is much more desirable. 

[0033] It is not necessary to also add V;V. If it adds, it has the effect which raises intensity. In order to acquire this 
effect certainly, as for V, it is desirable to consider as 0,005% or more of content. However, even if it makes it 
contain exceeding 0.50%, it is saturated, only cost goes up and the aforementioned effect spoils economical 
efficiency. Furthermore, degradation of hot-working nature is caused. Therefore, the content of V was made into 
0.50% or less. 

[0034] It is not necessary to add Nb;Nb. If it adds, it has the effect which raises intensity. In order to acquire this 
effect certainly, as for Nb, it is desirable to consider as 0.003% or more of content. However, even if it makes it 
contain exceeding 0. 17%, it will be saturated, only cost will go up and the aforementioned effect will spoil 
economical efficiency. Furthermore, it comes to cause degradation of hot-working nature. Therefore, the content of 
Nb was made into 0.17% or less. In addition, in order to secure much more stable hot-working nature, it is desirable 
to make the upper limit of Nb content into 0.10%. 

[0035] It is not necessary to also add Ti:Ti. If it adds, it has the effect which raises intensity. Moreover, the 
destructive gestalt in the ordinary temperature of non-heat-treated steel is affected, and it has the effect which 
promotes a brittle fracture through the above fn4 and fn5. In order to acquire these effects certainly, as for Ti, it is 
desirable to consider as 0.005% or more of content. However, if it is made to contain exceeding 0.20%, it will come 
to cause degradation of hot-working nature. Therefore, the content of Ti was made into 0.20% or less. 
[0036] B: It is not necessary to add B. If it adds, there is an effect which hardenability is raised and raises intensity. 
In order to acquire this effect certainly, as for B, it is desirable to consider as 0.0003% or more of content. 
However, if the content exceeds 0.0100%, about [ that the improvement effect in hardenability is saturated ] and 
hot-working nature will come to deteriorate remarkably. Therefore, the content of B was made into 0.0100% or 
less. 

[0037] It is not necessary to add aluminum:aluminum. If it adds, while attaining stabilization and homogenization 
of the deoxidation of steel, a nitride is generated, crystal grain is turned minutely and it has the operation which 
raises intensity. Moreover, the destructive gestalt in the ordinary temperature of non-heat-treated steel is affected, 
and it has the effect which promotes a brittle fracture through the above fn3 and fn5. In order to acquire these 
effects certainly, as for aluminum, it is desirable to consider as 0.005%) or more of content. However, if it is made to 
contain exceeding 0.100%, it will come to cause degradation of hot-working nature. Therefore, the content of 
aluminum was made into 0. 100% or less. 

[0038] N: It is not necessary to make N contain. If it is made to contain, a nitride and a charcoal nitride are 
generated, crystal grain is turned minutely, and it has the operation which raises intensity. Moreover, the destructive 
gestalt in the ordinary temperature of non-heat-treated steel is affected by the relation between Ti or aluminum, and 
when filling at least one of the above fn 3>=0, fn 4<=0, and the fn(s) 5>=0, it has the effect which promotes a 
brittle fracture. In order to acquire these effects certainly, as for N, it is desirable to consider as 0.0030% or more of 
content. However, since a dissolution raw material special to making N contain exceeding 0.030% in the ingot of 
steel generally, a facility, and technology are needed, cost may increase, economical efficiency may be spoiled and 
degradation of hot-working nature may be caused. Therefore, the content of N was made into 0.030% or less. 
[0039] It is not necessary to make Pb:Pb contain. If it is made to contain, it has the effect which raises the cutting 
ability at the time of bolthole processing. In order to acquire this effect certainly, as for Pb, it is desirable to 
consider as 0.01% or more of content. However, if Pb is made to contain exceeding 0.30%, hot-working nature will 
deteriorate and generating of a crack will be caused at the time of hot rolling and hot forging. Therefore, the content 
of Pb was made into 0.30%o or less. 

[0040] The above fnl, fn2, fn3, fn4, and fn5 can arrange the destructive gestalt in the ordinary temperature of the 
non-heat-treated steel containing C of fnl, fn2, fn3, fn4, and 5:0.20% or more of fn(s), 030% or more of Mn, and 
0.02% or more of Cr. A brittle fracture is promoted when filling at least one of fn 1>=0, fn 2>=0, fn 3>=0, fn 4<=0, 
and the fn(s) 5>=0. And at least one of fn 1>=0, fn 2>=0, fn 3>=0, fn 4<=0, and the fn(s) 5>=0 is filled. When the 
elongation value of the steel materials when carrying out an ordinary temperature tension test is 10% or less, 
according to and a new process which the ordinary temperature division fracture surface of forming material turns 
into a flat brittle fracture appearance which carried out hot forging, and was really described above The connecting- 
rod main part and connecting-rod KYAPU which have the tensile strength of 800 or more MPas which is request 
intensity can be manufactured. Therefore, it is specified that it fills at least one of fn 1>=0, fn 2>=0, fn 3>=0, fn 
4<=0, and the fn(s) 5>=0. 

[0041] In addition, in fn 2>=0, 0.7 or more yield ratios are stabilized and they a brittle fracture is not only 
promoted, but are obtained. Therefore, when fn 2>=0 and the elongation value of the steel materials when carrying 



out an ordinary temperature tension test are 10% or less, the connecting-rod main part and connecting-rod KYAPU 
which have the tensile strength of 800 or more MPas also with high yield strength which were excellent also in 
buckling strength when putting in another way can be manufactured. 

[0042] Especially the upper limit of the value of fnl may be 2.0 of the upper limit which is not restricted and is 
calculated from fnl. 

[0043] You may be 2.45 of the upper limit which especially the upper limit of the value of fn2 is not restricted, 
either, and is calculated from fn2. 

[0044] Especially the upper limit of the value of fn3 may be 0.028 of the upper limit which is not restricted and is 
calculated from fn3. 

[0045] You may be -0.06 of the lower limit which especially the minimum of the value of fn4 is not restricted, 
either and calculated from fn4. 

[0046] You may be 0.028 of the upper limit which especially the upper limit of the value of fn5 is not restricted, 
either, and is calculated from fn5. In addition, it is set to fn3=fn5 in this case. 

[0047] In addition, fn5 can be expressed as fn5=fnl- (0.4aluminum+0.3Ti+0.15Nb+0.3V+1.3B) using fn3. 
Therefore, in fn 5>=0, fn 3>=0 is also surely filled. 

[0048] Moreover, fn5-fn4- (0.5aluminum+0.15Nb+0.3V+1.3B+0.002) and that come out and a certain shell, and fn 
4<==0 and fn 5>^0 are materialized simultaneously do not have the relation of the above fn4 and fn5. From this, 
promotion of the brittle fracture in fn 4<=0 is considered to be a thing based on the so-called "free dissolution N" 
based on formation of the carbide of Ti, or a charcoal nitride for promotion of the brittle fracture in fn 5>==0 or fn 
3>=0. 

[0049] fn6; It begins, when the chemical composition of steel is controlled strictly and the value of the above fn6 is 
made or more into zero, and a connecting-rod main part and the tensile strength of 800 or more MPas required as 
connecting-rod KYAPU can be given to n on -heat-treated steel. Therefore, it is referred to as fn 6>=0. You may be 
the maximum (value near 2.23) which especially a limit does not have in the upper limit of this value, and is 
calculated from fn6. 

[0050] Bolthole processing is given to it after being ingoted by the usual method (for example, after the steel which 
has the above-mentioned chemical composition is really with which the connecting-rod main part 1 and connecting- 
rod KYAPU 2 were connected fabricated by the object with rolling and forging between the heat by the usual 
method). Then, it is divided in ordinary temperature by method which was described above to the connecting-rod 
main part 1 and connecting-rod KYAPU 2. In addition, there is also a thing inside the large end hole which is the 
part which is really [ concerned ] going to divide an object if needed (the N section in drawing 1 ) established for 
notching of 0.5 or less mmRs in part at least. Subsequently, with a bolt 3, it is combined with a crankshaft and the 
divided connecting-rod main part 1 and connecting-rod KYAPU 2 are assembled. 



[Translation done.] 



* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EXAMPLE 



[Example] The vacuum ingot of the steel which has the chemical composition shown in Tables 1-3 was carried out 
using test kiln by the usual method. The steel 1-34 in Tables 1 and 2 is this invention steel, and the steel 35-48 in 
Table 3 is the comparison steel from which either of the component separated from the range of the content 
specified by this invention. 

[0052] Subsequently, after making such this invention steel and comparison steel with a slab by the usual method 
and heating at 1250 degrees C, hot forging was carried out to the round bar with a diameter of 30mm at the 
temperature of 1200-950 degrees C, and air cooling was carried out to ordinary temperature after that. 
[0053] In this way, the JIS No. 4 test piece was cut down from the round bar with obtained hot forging, and the 
tension test was performed in ordinary temperature. Furthermore, the state of the fracture surface after an ordinary 
temperature tension test was observed with the scanning electron microscope (SEM). 

[0054] In addition, the front face of the round bar which carried out hot forging to 30mm was observed visually, 
and checked the existence of a forging crack. 

[0055] An ordinary temperature tension test result, a fracture surface observation result, and a forging-crack check 
result are shown in Tables 4 and 5. 

[0056] Without each producing a forging crack, if it was in the steel 1-34 which is this invention steel, the desired 
tensile strength of 800 or more MPas and 10% or less of elongation were acquired, and all the fracture surface after 
an ordinary temperature tension test was flat brittle fracture appearances. What fills fn 2>=0 also among this 
invention steel has 0.7 or more yield ratios, and is understood that yield strength is high (above refer to Table 4). 
[0057] On the other hand, in the amount of C, and the steel 35 and 48 from which fn6 separated from default value 
to the low eye, respectively, tensile strength has not reached 800MPa(s) among the comparison steel from which 
either of the components separated from the range of the content specified by this invention. 
[0058] Moreover, the forging crack between heat was accepted in the steel 36-39 and steel 41-46 from which the 
amount of Si, the amount of Mn, the amount of P, the amount of S, the amount of V, the amount of Nb(s), the 
amount of Ti, the amount of B, the amount of aluminum, and the amount of Pb(s) separated high to default value, 
respectively. 

[0059] In the steel 40 from which the amount of nickel separated more highly to the default value of this invention, 
ordinary temperature elongation exceeded 10%, and the fracture surface after an ordinary temperature tension test 
was a ductile fracture. 

[0060] In order that it might separate from the conditions which the value of the above fnl-fn5 specified by this 
invention in steel 47 and ordinary temperature elongation might exceed 10%, the fracture surface after an ordinary 
temperature tension test was a ductile fracture (above refer to Table 5). 

[0061] Subsequently, it really with which the connecting-rod main part 1 and connecting-rod KYAPU 2 were 
connected by the usual hot-forging method by being made from the steel 5, 16, 31, and 34 which is this invention 
steel indicated to the aforementioned table 1 carried out hot forming of the object 20 bodies at a time respectively. 
In addition, notching of 0.3mmR(s) was attached to the N section of drawing 1 after hot forming every five of 20 
bodies. Subsequently, the division test to the connecting-rod main part 1 and connecting-rod KYAPU 2 was 
performed in ordinary temperature by said method. Consequently, it turns out that a flat brittle fracture appearance 
is obtained by all 20 bodies, and each steel can be used without the finishing plastic surgery by machining for them. 
In addition, especially division of each five steel which attached notching was easy. 
[0062] 
[Table 1] 
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[0063] 
[Table 2] 
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[Table 3] 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EXAMPLE 



[Example] The vacuum ingot of the steel which has the chemical composition shown in Tables 1-3 was carried out 
using test kiln by the usual method. The steel 1-34 in Tables I and 2 is this invention steel, and the steel 35-48 in 
Table 3 is the comparison steel from which either of the component separated from the range of the content 
specified by this invention. 

[0052] Subsequently, after making such this invention steel and comparison steel with a slab by the usual method 
and heating at 1250 degrees C, hot forging was carried out to the round bar with a diameter of 30mm at the 
temperature of 1200-950 degrees C, and air cooling was carried out to ordinary temperature after that. 
[0053] In this way, the JIS No. 4 test piece was cut dov^ from the round bar with obtained hot forging, and the 
tension test was performed in ordinary temperature. Furthermore, the state of the fracture surface after an ordinary 
temperature tension test was observed with the scanning electron microscope (SEM). 

[0054] In addition, the front face of the round bar which carried out hot forging to 30mm was observed visually, 
and checked the existence of a forging crack. 

[0055] An ordinary temperature tension test result, a fracture surface observation result, and a forging-crack check 
result are shown in Tables 4 and 5. 

[0056] Without each producing a forging crack, if it was in the steel 1-34 which is this invention steel, the desired 
tensile strength of 800 or more MPas and 10% or less of elongation were acquired, and all the fracture surface after 
an ordinary temperature tension test was flat brittle fracture appearances. What fills fn 2>=0 also among this 
invention steel has 0.7 or more yield ratios, and is understood that yield strength is high (above refer to Table 4). 
[0057] On the other hand, in the amount of C, and the steel 35 and 48 from which fn6 separated from default value 
to the low eye, respectively, tensile strength has not reached 800MPa(s) among the comparison steel from which 
either of the components separated from the range of the content specified by this invention. 
[0058] Moreover, the forging crack between heat was accepted in the steel 36-39 and steel 41-46 from which the 
amount of Si, the amount of Mn, the amount of P, the amount of S, the amount of V, the amount of Nb(s), the 
amount of Ti, the amount of B, the amount of aluminum, and the amount of Pb(s) separated high to default value, 
respectively. 

[0059] In the steel 40 from which the amount of nickel separated more highly to the default value of this invention, 
ordinary temperature elongation exceeded 10%, and the fracture surface after an ordinary temperature tension test 
was a ductile fracture. 

[0060] In order that it might separate from the conditions which the value of the above fnl-fn5 specified by this 
invention in steel 47 and ordinary temperature elongation might exceed 10%, the fracture surface after an ordinary 
temperature tension test was a ductile fracture (above refer to Table 5). 

[0061] Subsequently, it really with which the connecting-rod main part 1 and connecting-rod KYAPU 2 were 
connected by the usual hot-forging method by being made from the steel 5, 16, 31, and 34 which is this invention 
steel indicated to the aforementioned table 1 carried out hot forming of the object 20 bodies at a time respectively. 
In addition, notching of 0.3mmR(s) was attached to the N section of drawing 1 after hot forming every five of 20 
bodies. Subsequently, the division test to the connecting-rod main part 1 and connecting-rod KYAPU 2 was 
performed in ordinary temperature by said method. Consequently, it turns out that a flat brittle fracture appearance 
is obtained by all 20 bodies, and each steel can be used without the finishing plastic surgery by machining for them. 
In addition, especially division of each five steel which attached notching was easy. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the detail of a connecting rod. 
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